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MINERALIZATION OF THE HANSONBURG MINING DISTRICT,
BINGHAM, NEW MEXICO

JOHN RAKOVAN' anp FREDERICK PARTEY?
"Department of Geology Miami University, Oxford, Ohio 45056 rakovajfi@muohio.edu
2New Mexico Bureau of Geology and Mineral Resources, Socorro, NM, 87801

AssTRACT—The Hansonburg Mining District, Socorro County, New Mexico is the largest of the hydrothermal Rio Grand Rift
fluorite-barite-galena deposits that are found within and along the southern half of the rift. This paper reviews key aspects of
the history, structure, geochemistry and mineralogy of the district that have been extensively studied for over half a century.
Recent work has elucidated the trace element chemistry of fluorite, geochronology and stable isotope geochemistry, and the
origin of fluorine and other key constituents in hypogene minerals of the of the district, as well as other related Rio Grande Rift

- type deposits.
INTRODUCTION

The Hansonburg Mining District, as it is most commonly rec-
ognized today (see historical notes below), is located in south-
central New Mexico, approximately 28 miles east of San Anto-
nio along U.S Highway 380, and approximately 5 miles south
of Bingham, Socorro County (Fig. 1). The district is located
along the eastern edge of the Rio Grande Rift system, which is
characterized by north-south trending normal faults related to
regional extension (Chapin, 1979; McMillan, 1998 ) that began
in the middle Cenozoic (36 m.y. ago; McMillan et al., 2000). The
mines themselves lie along the western flank of the Sierra Oscura
Mountains and trend north-south for about 2.5 miles (Fig. 2).

The Hansonburg Mining District is one of about 30 barite-
fluorite-galena deposits found throughout the Rio Grande Rift in
southern New Mexico. In the past, these were classified as Mis-
sissippi Valley type deposits (Roeder et al., 1968; Allmedinger,
1975; Putnam et al., 1983; Norman et al., 1985), but because of
several significant differences, including the abundance of fluo-
rite several studies have suggested that they be classified as a
new type of deposit referred to as Rio Grande Rift barite-fluo-
rite-galena deposits (McLemore and Lueth, 1996; Sutphin, 1997;
McLemore et al., 1998; Partey et al., 2009). The most common
primary (hypogene) minerals in the Hansonburg Mining Dis-
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FIGURE 1. Satellite image of South Central New Mexico and the Han-
sonburg Mining District (HMD). Image © DigitalGlobe © 2009 Tele
Atlas Image NMRGIS.

trict are fluorite, barite, galena, and quartz, with minor amounts
of other sulfide minerals (sphalerite, chalcopyrite and pyrite).
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FIGURE 2. Satellite image of the Hansonburg Mining District with mine
locations and pertinent roads. Image © DigitalGlobe © 2009 Tele Atlas
Image NMRGIS.
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Secondary mineralization, although volumetrically very small,
includes many interesting Pb , Cu and Zn carbonates and sul-
phates. The mineralization typically fills or lines dissolution
cavities or is found in large laterally extensive bands, along bed-
ding planes. Although the Hansonburg Mining District is rich in
barite-fluorite-galena ores it has seen relatively little metal pro-
duction throughout its history because of metallurgical problems
in separating the mixed ores, and lack of water for mining opera-
tions (Norman et al., 1985). Its most significant production was
in barite. Since 1987 all of the mines in the district have been
under claim by individuals who have developed them for mineral
specimens.

This paper reviews key aspects of the history, structure, geo-
chemistry and mineralogy of the Hansonburg Mining District.
Recent studies have elucidated the trace element chemistry of
fluorite (Hill, 2000; Bosze and Rakovan, 2002; Bosze et al., in
press), the geochronology and stable isotope geochemistry (Lueth
et al., 1999; Hill, 2000; Lueth et al., 2005), and the origin of fluo-
rine as well as other key constituents in the ore minerals of the of
the deposit and other related Rio Grande Rift Deposits (Lueth et
al., 2005; Partey et al., 2009). Previous reviews of the district can
be found in Kottlowski (1953) Kottlowski and Steensma (1979),
Putnam et al. (1983), Norman et al. (1985), Sharp (1988) and
Taggart et al. (1989).

HISTORY

Today the Hansonburg Mining District, Bingham, NM is
almost solely associated with the barite-fluorite-galena miner-
alization found along the Western slopes of the Sierra Oscura
Mountains, and it is that deposit which we constrain this review
article to. However, the history of the district includes, and the
name was actually first applied to, a copper deposit in the Jornada
del Muerto between the Rio Grande River and the Sierra Oscuras.
The formation and mineralogy of these two deposits are com-
pletely distinct, and a detailed history of the name (HMD) and the
associated copper deposit is given by Eveleth and Lueth (2009).

There are numerous individual mines (mostly single adits)
within the Hansonburg District. Some of these have changed
names over time and some are known by different names. Tag-
gart et al. (1989) combined the mines of the district into four
groups that are geographically separated. From north to south
(Fig. 2) these include the Royal Flush group with the Royal Flush
Mine (North and South adits) and the Desert Rose Mine (a.k.a.
Downey Stope, Mountain Canyon Mine, Ace High Mine); the
Lower Mex-Tex group with the Ora Mine, Caliche, and Hickey
#1 Mine; and the Upper Mex-Tex Mine group; including the
Snake Pit, the Byrd Tunnel and pit, Upper Mex-Tex Mine (a.k.a.
Julian-Malachite Mines; Kottlowski 1953), and a small unnamed
adit at the south end of the group (DeMark and Massis, 1999).
About 1.2 km south of the Mex-Tex, on a separate fault block that
forms a distinct N-S trending, elongate hill (sometimes referred
to as Hansonburg Hill; Norman et al., 1985), lies the Blanchard
Claims or Blanchard Mine group (Fig. 3). This includes the Por-
tales (a.k.a. MacCarthy Lead Mine, Hansonburg Lead Mine,
Blanchard glory hole, or Blanchard Mine), Sunshine #5 adit,
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Sunshine #1 adit, Sunshine #2 adit, Sunshine #3 adit, Sunshine #4
adit, and the Sunshine #6 adit (Kottlowski, 1953; DeMark, 2003).
At the southern most extent of the district is the Barrett workings.
Throughout the district there are numerous surface cuts, trenches
and prospects that are unnamed here.

Although mineral exploration in the barite-fluorite-galena
deposit of the district predates Spanish and Anglo developments,
the first major mining operation started in 1916 by Western Min-
eral Products Company, who also constructed a 50 ton dry mill
on the site to extract galena. They started several excavations
including an adit that would later become the Portales mine of
the Blanchard Family. The name Blanchard is inextricably asso-
ciated with the Hansonburg Mining District. In 1936 two brothers
William Edward and Francis L. Blanchard along with E.L. King
located the Oscura Load (Socorro County Records Mining Deeds
book #112, p. 487-488) and later located the unpatented Halstead,
Louise, Eva, Prairie Springs, and Calcite claims (Socorro County
Records Mining Deeds book #120; Rothrock et al., 1946). Francis
L. Blanchard’s widow, Mrs. Ora Walace Blanchard (1896-1968)
lived a reclusive life in a small house at the base of the Oscura
Mountains after her husband’s passing. Visitors to the district in
the 1950’s and 60’s were frequently guided by Ora around the
family claims (R. Eveleth personal commun., 2009). From 1947
to 1954 the Blanchard claims were leased to the Portales Mining
Company who expanded the Portales adit and built both a crusher
and ore bin just to the north of the entrance to the adit (DeMark,
2003). They ceased working the deposit when in 1954 their ore
mill, located in San Antonio, NM was raised by fire.

The year 1947 was also when claims on the Mex-Tex and
Royal Flush Mine groups were established by A. R. Hickey, W.
Hickey and F. Kay of Artisia, NM (DeMark and Massis, 1999).
Development work on the Mex-Tex and Royal Flush claims,
under the control of the Mex-Tex Mining Company, began in
earnest in 1949. A 200 ton per day barite mill was built the fol-
lowing year. Between 1951 and 1960: the Hansonburg mining
district was New Mexico’s largest producer of barite with 34,868
tons or 96.5% of New Mexico’s total production (Allmendinger,
1975). Most of this undoubtedly came from the Mex-Tex and
Royal Flush Mine groups. Kottlowski (1953) indicates that the
Mex-Tex Mining Company also had “four claims in the north-
ern end of the Hansonburg Hills three miles west of the Oscura
mountains”. These are small hills in the Jornada del Muerto, on
the northern end of which several small occurrences of barite-
fluorite-galena mineralization are found. The Southern end of
the Hansonburg Hill’s is host to the copper deposit described by
Eveleth and Lueth (2009). These Hansonburg Hill’s are a differ-
ent location than the Hansonburg Hill on which the Blanchard
Mine Group is located. Mining activity by the Mex-Tex Mining
Company ceased in the early 1960’s, but was immediately fol-
lowed by Galbar Inc., who mined and explored the Mex-Tex and
Royal Flush Mine groups and shipped several carloads of lead
concentrates to the ASARCO smelter in El Paso, Texas (Kot-
tlowski and Steensma, 1979). Ownership of these claims from
1964 to 1987 is unclear (DeMark and Massis, 1999). In May of
1987, after several years of being open, the Royal Flush and Mex-
Tex Mine groups were reclaimed by several individuals interested
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in operating the mines for specimen recovery. Today the Upper
Mex-Tex Mine group and the Royal Flush Mine are claimed by
Tom Massis of Albuquerque, NM. Claims on the Ora Mine (made
June 14th 1994 as the TEAA #2) and the Desert Rose Mine are
currently held by Edward and Amber DeLuca and Alison Nelson
respectively.

From 1958 to 1960 the Blanchard property was leased by the
Sunshine Mining Company who opened six exploratory adits
named the Sunshine #1 - #6, in order of chronological develop-
ment. Although a total of about 701 m of tunnel were excavated
no ore was ever marketed by the company (DeMark, 2003). The
Sunshine mines, however, have resulted in large numbers of
mineral specimens that grace collections worldwide. Little sig-
nificant mining occurred in the Blanchard Mine group during the
1960’s, however, the Sunshine Mining Company continued spo-
radic mining and exploration until 1966. This was also a period of
active mineral collecting and visits with Ora Blanchard. The next
company to try its luck in the district was Basic Earth Science
Systems, Inc. (BESSI) who leased the Blanchard property and
began several years of exploratory work in 1972. The Blanchard
family relinquished all remaining interests to the claims in 1977
when Annie Lathrop, Ora’s Blanchard’s daughter, passed the
deeds onto BESSI (Socorro County Courthouse, Mining Deeds,
1977). The year 1977 also marked the last big effort to operate the
Hansonburg Mining district; this time by Hansonburg Mines, Inc.
who began an extensive program of drilling exploration that year
(Kottlowshi and Steensma, 1979). They also built a 400 ton per
day mill complex, the foundation of which is readily visible at the
North West end of Hansonburg Hill. Unfortunately, the process
for separating the barite, galena and fluorite, for which the mill
was constructed, did not work and as with the Sunshine Mining
Company venture, no ore was ever marketed. Subsequently,
control of the Blanchard Mine group went to Western General
Resources until 1983. From that year until 1987 the entire Han-
sonburg Mining District was open to claim (DeMark and Massis,
1999) when the Blanchard Mine group was restaked by Ray
DeMark and Brian Huntsman (R. DeMark personal commun.,
2009). Today these claims are held by DeMark, Huntsman and
Mike Sanders and the mines are also operated for mineral speci-
men production.

GEOLOGY

The Sierra Oscura Mountains are composed of a series of
north-south trending fault blocks that are tilted to the cast, with
a dip of around 7°, creating a steep fault scarp on their west and
a sloping highland to the east (Fig. 3). The Sierra Oscura Moun-
tains are separated from the San Andreas Mountains to their
south by a transverse shear zone that lies at the intersection of
the Rio Grande rift and the Santa Rita lineament (Chapin, 1979).
Displacement along the Oscura fault (Fig. 4) is the result of Rio
Grande Rift extension, with major movement beginning about
7 Ma ago (Chapin, 1979). The throw along the fault increases
toward the south from the Hansonburg district, and northward
the fault disappears into the Oscura anticline. The Oscura fault
lies about 1.5 km west of the western escarpment of the Oscura

FIGURE 3. Satellite image of South Central New Mexico and the Han-
sonburg Mining District. Exposed strata in the Sierra Oscura dip to
the east at about 70. Image © DigitalGlobe © 2009 Tele Atlas Image
NMRGIS.

Mountains, strikes N. 15° E., and is mostly hidden by alluvium
(Kottlowski and Steensma, 1979). A second major fault zone
(unnamed) occurs at the base of the Sierra Oscura escarpment
(Fig. 4). This fault zone trends north-south, and at intervals of
roughly 580 m is interrupted and progressively offset to the east,
or curves to the east before dying out northward. Below the Mex-
Tex Mine, this fault has a throw of approximately 168 m (Kot-
tlowski and Steensma, 1979). Southeast-trending, high angle
faults crosscut the Oscura Mountains throughout the district.
These faults show less vertical offset and at the Mex-Tex Mine
show a reverse-normal displacement (Putnam et al., 1983). Small
faults of this type were observed adjacent to most of the mines in
the district (Bosze et al., in press).

Proterozoic granites and gneisses comprise the basement rocks
of the Sierra Oscura Mountains (Fig. 5). These are overlain by
Pennsylvanian formations consisting of marine limestone and
shale, inter-bedded with arkosic sandstone. The lower beds of the
Pennsylvanian are in the Sandia Formation. In the northern part
of the Oscura Mountains, the formation consists of arenaceous
limestone, green to black shale, and greenish sandstone, and is
16.5-42.5 ft thick. The Madera Limestone is conformable on the
Sandia Formation, and is 721-1,100 ft thick in the Oscura Moun-
tains (Kottlowski and Steensma, 1979). Stratigraphically over-
lying these are Permian (Abo Formation) and Triassic red-beds
and Cretaceous marine sandstone and shale, although most have
been removed by erosion. Mineral deposits principally occur in
the Council Spring member of the Pennsylvanian Madera group
limestone. Minor vein fillings occur in Permian sedimentary rock
as well as Proterozoic basement rocks such as the granites exposed
in the lower portions of the Sierra Oscura Mountains. The Coun-
cil Spring member is massive, banded limestone that contains
solution cavities up to 50 meters in width. Some field evidence
indicates that these karst features are the result of weathering
during the Pennsylvanian (Putnam et al., 1983) although Lueth et
al., (2005) noted features of acid speleogenesis that were contem-
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FIGURE 4. Generalized geologic map of the Hansonburg Mining Dis-
trict. Modified from Putnam et al. (1983), figure. 2.

porary with mineralization. This unit forms the distinctive cliff
along the mountain front at the level of the mines (Kottlowski
and Steensma, 1979). A few sills and dikes of mid-Tertiary aged
monzonite-diorite are intruded into the Pennsylvanian and Perm-
ian beds. Quaternary alluvium fills the valleys and blankets most
of the surface of the Jornada del Muerto to the west.

Rio Grande Rift Barite-Fluorite-Galena Deposits

The Hansonburg Mining District is the largest of a group
of roughly 30 hydrothermal deposits that have been called Rio
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Grand Rift fluorite-barite-galena deposits (Fig. 6), and which are
similar in many ways to MVT deposits (McLemore and Lueth,
1996; Sutphin, 1987; McLemore et al., 1998; Partey et al. 2009).
McLemore et al. (1998) give a detailed review of the characteris-
tics of RGR deposits including the Hansonburg Mining District.
The RGR and MVT deposits are similar in terms of ore texture
and mineralogy, mineralizing fluid chemistry, host rock lithol-
ogy and genetic relationship to sedimentary basins. However,
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Figure 5. A Stratigraphic column of the Sierra Oscura Mountains, Han-
sonburg Mining District. Formation names from Thompson (1942) and
Willpolt and Wanek (1951). Modified from Kottlowski (1953). The star
indicates the dominant host rocks for the fluorite mineralization.
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Figure 6. Rio Grande Rift (RGR)-type deposits and districts in southern
New Mexico, black circles, including the Hansonburg Mining District,
X (modified after McLemore et al., 1998). The distribution of astheno-
sphere-derived melts involved in Rio Grande Rift magmatism (McMil-
lan, 1998 ) and Permian evaporites are limited to the area south of the
bold dashed line.

major differences include the presence of fluorite as the predomi-
nant mineral phase, highly variable fluid inclusion salinities, the
nature of their plumbing systems, and association with alkaline
magmatism and extensional tectonics. Because of these differ-
ences McLemore et al. (1998) suggested that they not be consid-
ered MVT deposits.

One of the controversial aspects of RGR deposits is the origin
of the large volumes of fluorine necessary to form the significant
fluorite mineralization. In many of the RGR deposits fluorite is
the most abundant mineral. Van Alstine (1976) suggested three
possible sources of the fluorine including volatiles emanating
from crystallizing alkaline magma, remelting of late fluorine-
rich alkalic fractions of underlying intrusive masses, and melting
of ultramafic mantle rocks bearing fluorapatite, hornblende and
other fluorine-rich minerals. McLemore et al. (1998) suggested
that another potential source of the fluorine could be fluorite and
apatite in the Proterozoic basement rocks that underlie host car-
bonates and in some cases host RGR deposits as vein emplace-
ments. Worl (1974) suggested an asthenospheric magmatic source
for the fluorine, perhaps from volatiles that were released during
alkaline magmatism in the region. Lueth et al. (2005) suggested a
link between fluorite deposits and magmas sourced in the asthe-
nosphere by McMillan (1998). Partey et al. (2009) tested the
asthenospheric magma hypothesis with the use of Cl isotopes as

a proxy for F, and show the potential for a significant contribution
from such a source.

Paragenetic Sequence and Ore Emplacement

Mineralization in the district formed from hydrothermal waters
emanating from deep within the Jornada del Muerto Basin under-
lying basement rocks to the west of the Hansonburg district. The
high heat-flow in the Rio Grande rift (Reiter et al. 1975) and the
depths of 5 to 6 km in the rift basins (Cape et al., 1983; Mitchell
and Jiracek, 1983) indicate that obtaining 200+ °C waters from
these basins is not problematic. Norman et al. (1985) contend that
the hydrothermal brines were expelled from the basin by a com-
bination of overburden pressure and increasing temperature. An
alternative hypothesis is that basin fluids underwent topography-
driven (gravity) flow (Witcher, 1988; McLemore et al., 1998).
Details of the two models have are described by McLemore et
al. (1998). Solutions moved laterally to the margins of the rift
basin and upward along rift-bounding faults, then migrated into
the little-disturbed Paleozoic sediments. F-Ca-Ba-S-Pb enriched
brines were being expelled from the basin they moved into open-
spaces such as bedding planes, faults, fractures and solution cavi-
ties where precipitation of barite, fluorite, galena and other min-
erals occurred as solutions became supersaturated .

Mineralization in the district is dominantly found within the
Council Spring limestone and in the lower part of the Burrego
Formation (Fig. 5). Ore mineralization has also been found in
the upper massive limestones of the Coane Formation, the upper
massive limestones of the Story Formation, and in the Moya For-
mation (Kottlowski, 1953). Massive beds of non-cherty limestone
appear to be the most favorable hosts of ore because they tend to
be intensely broken and shattered along faults, leading to higher
porosity, whereas less massive beds break cleanly or are folded
(Kottlowski, 1953). Ore bodies are principally found within frac-
ture zones where massive limestone beds are broken and shat-
tered by faulting and in solution cavities (paleokarst). Mineraliza-
tion is massive in major cavities, with the development of many
well-formed crystals. Although most mineralization is space fill-
ing, not all the open spaces in the deposit are filled; meter-size
vugs occur in mineralized areas, and some karst-collapse features
are essentially unmineralized (Norman et al., 1985; Taggart et al.,
1989). It also occurs as banded or “coontail” ore, as described by
Roedder et al. (1968), where bedding-plane cavities were filled,
and which display similarities to the manto-like deposits of the
southern Illinois fluorspar district. Although Roedder et al. (1968)
report “extensive replacement of the limestones by crystalline and
jasperoid quartz and by barite and fluorite”, most other authors
report only local replacement of limestone by mineralization and
indicate that it is dominantly found within preexisting porosity,
i.e. along bedding planes, in fault breccia, and in solution cavities
(Kottlowski, 1953; Kottlowski and Steensma, 1979; Putnam et
al., 1983; Norman et al., 1985). Kottlowski and Steensma (1979)
describe the banding as layers of silicified limestone, typically 2
to 11 cm thick, bounded on both sides by a mesh of galena and
fluorite. Spaces in-between these bands are commonly 5 to 60
cm wide and are mostly filled by tabular barite crystals, galena
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and fluorite. These bands are usually adjacent to faults, and most
commonly occur on their eastward or updip side (Roedder et al.,
1968).

The paragenetic sequence of mineralization started with
hydrothermal solutions depositing silica, which along fracture
zones partly replaced the wall rock and the sheets and blocks
of brecciated limestone (Kottlowski, 1953). Lasky (1932) sug-
gested that silica partly sealed off the wall rock and prevented
replacement of the limestone by ore minerals. Based on Sr iso-
tope analyses Partey et al. (2009) suggest that much of the Ca in
the fluorite is derived from a granitic source, indicating limited
dissolution of host limestone. Dolomitization of the limestone is
coeval in places with the first stage of silica emplacement. Silici-
fication and dolomitization decrease in intensity away from the
barite-fluorite-galena deposits. They extend approximately 300
meters away from the deposits in the horizontal, while they verti-
cally encompasses all exposed Paleozoic rocks above and below
mineralization (Norman et al., 1985). Conodont geothermometry
(Cook, 1986) suggests that during this stage of mineralization the
host sediments were heated to 110-140 °C within 300 m of the
deposits. Siderite was also deposited in fractures and cavities, but
it is not clear if this occurred during or after silicification. Almost
all the faults are marked by a narrow (5-100 cm) silicified or min-
eralized zone associated with an irregular, wider brecciated zone
1.5 to 15 m wide. (Kottlowski and Steensma, 1979).

The second stage of mineralization involved precipitation of
the main ore minerals. First, there was minor replacement of car-
bonate by galena and barite, then open-space filling by galena,
minor pyrite and sphalerite. This was followed by barite, fluorite
and quartz; which locally coprecipitated (Norman et al., 1985).
Based on fluorite color, morphology and fluid inclusion homog-
enization temperatures and salinities Roeder et al. (1968) pro-
posed five different stages of fluorite mineralization. Norman et
al. (1985) was unable to recognize these five stages when looking
at the district in its entirety. Bosze et al. (in press) and Partey
et al. (2009) suggest that at least two stages of fluorite miner-
alization are recognizable based in REE geochemistry and fluid
inclusion CI isotopes respectively. Norman et al. (1985) propose
that the Pb was carried in solution as Cl-complexes. Isotope data
indicate that the lead at Hansonburg is largely radiogenic (i.e.,
J-type lead), and suggest a source-age compatible with basement
rocks (Slawson & Austin 1960; Austin & Slawson, 1961). Ewing
(1979) has suggested the basement as a source of the lead at Han-
sonburg, whereas Beane (1974) favored Permian arkoses derived
from the basement as a source.

Taggart et al. (1989) describe the third stage of paragenesis as
the oxidation stage. This stage includes the formation of Ca- and
many secondary Pb-, Cu- and Zn- carbonates and sulfates (Table
1). They propose a temporal and genetic overlap of the forma-
tion of primary and oxidation stage minerals as the hydrothermal
system evolved from reducing, hotter conditions to cooler more
oxidizing conditions. Others (Kopicki, 1962; Roeder et al., 1968;
Allmendinger, 1975) have interpreted this stage to be the result
of supergene oxidation of the primary ore minerals with nei-
ther a temporal or genetic relationship to the ore forming fluids.
Because this stage of mineralization is volumetrically minor

TABLE 1. Minerals confirmed from the Hansonburg Mining District.
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Sources: Taggart et al. (1989), DeMark and Massis (1999).

Anglesite Cyanotrichite Plumbogummite
Antlerite Dickite Plumbojarosite*
Atacamite Fluorapatite ‘Psilomelane’
Aurichalcite Fluorite Pyrite

Azurite Fraipontite Pyromorphite
Baryte Galena Quartz
Brochantite Goethite Rosasite

Calcite Gypsum Scrutinyite®*
Caledonite Hematite Smithsonite
Cerussite Hemimorphite Spangolite
Chalcopyrite Hydrozincite Sphalerite
Chrysocolla Jarosite Tsumebite
Cinnabar Lepidocrocite Turquoise
Copper Libethenite Waulfenite
Corkite Linarite

Coronadite Malachite

Covellite Mottramite

Crandallite Murdochite

Creedite Opal (Var. Hyalite)

Cuprite Plattnerite

* Identified by XRD V. Lueth personal commun. 2009.
** Type location.

(although widespread) it has not seen as much attention as the
first two stages in most studies. Although Taggart et al., (1989)
consider calcite to be part of the secondary or oxidation stage
minerals, Roeder et al., (1968) suggest that calcite is probably
part of the hypogene mineral assemblage and was the last in that
sequence to be deposited.

Taggart et al., (1989) also propose that the last stage of min-
eralization in their evolving fluid model is very oxidizing, low
temperature cave environment, pointing to speleothems that have
formed over hypogene and secondary in cavities in the Sunshine
#2 mine. In many of the karst type openings large masses of gran-
ular gypsum are found. This gypsum has primary fluid inclusions
with no vapor bubbles suggesting entrapment at temperatures
close to ambient surface temperatures (Roeder et al., 1968).

Geochemistry

The barite-fluorite-galena deposit in the Hansonburg Mining
District has been extensively studied by means of petrography,
paragenesis, trace element geochemistry, mineral equilibra and
fluid inclusion micro-thermometry, chemical and isotopic analy-
ses in order to understand the physical and chemical processes
that formed the deposits. Fluid inclusion studies of barite, fluo-
rite, and galena determined that the vast majority are primary and
pseudo-secondary (Ames, 1958; Roedder et al., 1968; Putnam et
al., 1980; Putnam et al., 1983; Norman et al., 1985, North and Tuff,
1986; Hill et al., 2000, Partey et al., 2009). Recognizable planes
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of pseudo-secondary inclusions yield data that are essentially
identical with coeval primaries, but the few planes of presumed
secondary inclusions do not (Roedder et al., 1968). These stud-
ies indicate precipitation at relatively low temperatures, between
120 and 210°, from solutions of intermediate salinities (9-20 eq.
wt.% NaCl). Liquid hydrocarbons were reported in some fluid
inclusions. Ore solutions were Na-dominant brines transporting
between 800 and 10 ppm Pb, with Fe, Cu, and Zn concentrations
ranging from 10 to 2000 ppm, and remaining fairly consistent
throughout the paragenesis (Putnam et al., 1980; Norman et al.,
1985). These fluids exhibit 8'*0 and 8D values from 0.2 to —14.6
and —43 to —112 respectively (Hill et al., 2000).

Early mineralization is characterized by higher homogeniza-
tion temperatures, while the later mineralization exhibits a cooling
trend. No differences in salinity are exhibited from early to late
mineral phases, though a slight increase is noted in a southerly
direction through the district (Roedder et al., 1968; Putnam et al.,
1980; Norman et al., 1985). The inclusion waters in galena reflect
increased concentrations in the Ca, K and Cl for the early miner-
alizing solutions. These early solutions are otherwise not signifi-
cantly different from the later, somewhat cooler solutions. Calcu-
lations of filling temperatures from Na/K ratios are in excellent
agreement with the measured homogenization values. Salinity
calculations (eq.wt.% NaCl) from analytical data reflect similar
agreement with the depressed inclusion melting temperatures. Vol-
atiles from these fluid inclusions are dominantly H,O with about 1
mole % of the gasses CO,, C H_(C,-C,) organic compounds, and
N, (Norman et al., 1985). They found H,S only in samples from
early in the paragenetic sequence, when major sulfide deposition
occurred. From these measured volatile concentrations and micro-
thermometry, calculated gas-fugacity’s indicate that mineraliza-
tion occurred at a pressure of about 150 to 200 bars (at depths of
about 1.5 to 2 km) and suggest a possible but limited unmixing of
solutions; with N, being the primary the vapor phase.

Calculated pH values range from 4.3 to 5.1 and indicate little
change in pH during mineralization. Calculated values of f{O,)
and f(S,) indicate that the ore solutions became less reducing
during mineralization. Table 2, from Norman et al. (1985) sum-
marizes many of the chemical conditions of the Hansonburg
fluids. They found that the principal difference between early
and late mineralizing fluids was a decrease in a(H,S) and related
decrease in f{S,), and increase in f{O,). The data indicate that the
concentration of reduced sulfur in ore fluids controlled deposi-
tion of sulfides, and that early mineralizing fluids that deposited
sulfides contained approximately 107 moles H,S.

Both temperatures of fluid-inclusion homogenization and the
deposition of silica (which is highly temperature dependent) indi-
cate that fluids were cooling during mineralization. Norman et
al. (1985) concluded that the most important factor in mineral
deposition was temperature decrease, that there is no indication
of mixing of two fluids either in fluid-inclusion microthermom-
etry or inclusion analytical data, and that a single hydrothermal
fluid transporting both Pb and H_S was responsible for mineral-
ization at Hansonburg.

Studies of chlorine isotopes and Br/Cl ratios by Partey et al.
(2009) from fluorite fluid inclusions from eight Rio Grande Rift

TABLE 2. Some of the physiochemical parameters of the mineralizing
fluids from the Hansonburg Mining District. Table 3 from Norman et al.
(1985).

Galena Stage Fluorite-Barite Stage

T (0C) 200 150

Ionic Strength 2.5 2.0

Ca (ppm) 3400 3400

Pb (ppm) 380 460

Cl (ppm) 45,000 2600

log a(SO4) -5.6 -4.7

pH 4.85 4.6

log f(02) -39 -41 to -44
log f(S2) -10.3 -15t0-23
log f(CO2) 1.53 1.57

log a(H2S) 2.7 -5.5to -11

Quantities averaged from measurements and calculations reported in
Putnam (1980) and Norman et al. (1985). Values in parentheses repre-
sent the calculated upper and lower limits in cases where direct calcula-
tion of the quantity is not possible.

deposits, including four mines from the Hansonburg Mining Dis-
trict, indicate mixing of Cl from asthenospheric magmatic and
evaporite sources. Based on the premise that chlorine and fluo-
rine exhibit chemically similar behavior, and therefore are likely
to be derived from the same source if chlorine is associated with
rift-related magmatism, they suggest that fluorine associated with
the Hansonburg Mining District is also derived from degassing of
asthenospheric magmatic magmas. High 8°’Cl data from several
deposits allows for significant involvement of an asthenospheric
source for the Cl and F. They calculated the minimum possible
range of Cl percentages derived from an asthenospheric source
for samples from the Mex-Tex and Sunshine #2 Mines and found
that as much as 49 percent could be asthenospheric in origin.

In addition, Sr and Nd isotopes were also measured from fluo-
rites, regionally related granites, carbonates, and asthenospheric
basalts to aid in understanding the petrogenesis of Rio Grande rift
deposits (Partey et al., 2009). Their results show that the fluorites
have Sr (and Ca by proxy) and Nd isotope ratios that are distinctly
different from the local basalts and Pennsylvanian limestones but
similar to the radiogenic granites, indicating that these elements
are largely from a granitic source with some influence from a
carbonate and/or asthenospheric source.

The 8D, and 6'*0O,,,, data from parent jarosite fluids suggest
mixing from local meteoric water and evolved brine from deep in
the basin, with a possible deep-seated magmatic gas (HF) compo-
nent (Lueth et al., 2005). Jarosite 6*S values which, overlap with
values for barite indicate that the sulfur that formed the barite
may have been derived from the dissolution of Permian evaporite
by deeply circulating meteoric water (Lueth et al., 2005). The
requisite sulfuric acid for the jarosite was produced by the atmo-
spheric oxidation of H,S that separated from hydrothermal fluids
derived from the basin. The H,S was probably derived in the
basin largely as “sour gas” from the thermochemical reduction
of Permian sulfate (Lueth et al., 2005). The H,S had exception-
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ally low 8*'S, probably as a result of exchange at temperatures of
~150 to 200 °C with the more abundant Permian (8**S=12+2%o)
SO,*(Lueth et al., 2005).

Fluid inclusion and geochemical analysis of fluorite suggest
that the mineralizing fluids responsible for forming the RGR
deposits originated as relatively dilute meteoric waters (Macer,
1978; Hill, 1994; Hill et al., 2000; Lueth et al., 2005). The mete-
oric waters were buried or migrated to the west of the Hansonburg
district and into underlying basement rocks (McLemore et al.,
1998). The fluids acquired the majority of their solutes (Na*, Cl-,
Ca?, Ba>", Pb*, Si, etc.), becoming Na-dominant brines, through
water-rock interaction with various basin rocks such as arkosic
sediments, evaporates, and Precambrian basement rocks (Beane,
1975; Bohlke and Irwin, 1992; Ewing, 1979; McLemore et al.,
1998; Slawson and Austin, 1960). Partey et al. (2009) and Lueth
et al. (2005) suggest that in addition to water-rock interactions
with basin sediments and basement rocks, Cl and F were also
added from an asthenospheric source, most likely during magma
degassing. Allmendinger (1974) suggested, based on sulfur iso-
topes and geochemical analysis of fluid inclusions, that the fluids
leached their sulfur from the Permian evaporites. However, Lueth
et al. (2005) suggest that the sulfur was alternatively derived from
sour gas (H,S) evolved from the basins based on the low 'S
values they measured in the sulfides and hydrothermal jarosites.
Sr, Nd (Partey et al., 2009) and Pb (Beane, 1975; Ewing, 1979;
Slawson and Austin, 1960) isotopes indicate significant contribu-
tion of these elements to solution through interactions with spe-
cifically basement granites

Geochronology

Recent “°Ar/*Ar age dating of hydrothermal jarosite coexist-
ing with fluorite and field relationships suggest that RGR deposits
formed during the last 8 Ma (from 0.47 Ma for San Diego Moun-
tain to 7.94 Ma for the Potrillo Mountains), coincident with the
later stages of rifting in central New Mexico (Lueth et al., 1999,
2004, 2005). The distribution of jarosite ages in the southern Rio
Grande Rift reveals a rudimentary spectrum of ages that roughly
predict rift development from south to north. The southernmost
portion of New Mexico (Potrillo, Bishop Cap-Heibert mine) had
the greatest number of old ages (>7.5 Ma), with one exception, the
Sunshine No.6 mine of the Hansonburg Mining District (Lueth et
al., 2005). They also reported that there is a spectrum of ages for
jarosite along transects across the rift. Younger ages toward the
rift axis and progressively older ages are nearer the margins of
the rift. (e.g., Bishop Cap district to Tonuco Mountain district
in New Mexico). Even though a spectrum of ages is observed
from the deposits throughout the Rio Grande Rift-type deposits,
anumber of geographically separated deposits share similar ages.
The oldest shared age, about 8.0 Ma, occurs at Hansonburg and
the deposits at the Potrillo Mountains districts. Another cluster
of ages in the RGR-type deposits corresponds to mineralization
from 6.5 to 6.1 Ma noted at Hansonburg (Royal Flush, Snake Pit,
Portales, and Sunshine Tunnels). The mineralization during this
time period spans the entire north—south geographic range (4 km)
of the Hansonburg district. For a thorough review of the ages of
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the RGR-type deposits refer to Lueth et al., 2005, table 1 and for
Hansonburg in particular see Lueth (2009).

MINERALOGY

The most common primary (hypogene) minerals in the Han-
sonburg Mining District are fluorite, barite, galena, and quartz,
with minor amounts of other sulfide minerals (sphalerite, chal-
copyrite and pyrite). Ore minerals, for which the district was
mined through out its history, include galena, barite and fluorite.
Superimposed on these primary minerals are minor secondary
minerals including Ca- and numerous Pb-, Cu- and Zn-carbon-
ates and sulphates. Table 1 lists all of the minerals found in
the barite-galena-fluorite deposits of the district that have been
confirmed by chemical or structural analyses. Other minerals
have been reported but are not listed here because of insufficient
data for verification. Over the last fifty years spectacular mineral
specimens have been produced from the Royal Flush, Mex-Tex,
and Blanchard Mine groups. Surprisingly, very few specimens
predating 1960 are known (DeMark 2003). Large crystals ( >1
cm) of fluorite (up to 7 cm on edge), galena (up to 10 cm), barite,
calcite, quartz, linarite, malachite and cerussite (pseudomorphs
after linarite), and cyanotrichite have been found. The remaining
minerals (Table 1) occur in 5 to <l mm size crystals. Detailed
descriptions of mineral specimens found in the district can be
found in Taggert et al. (1989), DeMark and Massis (1999) and
DeMark (2003). One of the finest collections of Hansonburg min-
erals can be found at the New Mexico Bureau of Geology and
Mineral Resources Mineral Museum.

Fluorite

Fluorite from the Hansonburg Mining District exhibit a wide
variety of forms including the cube{100}, hexoctahedrons
{hkl}, tetrahexahedrons {440}, and less commonly the octahe-
dron{111}, dodecahedron {110} and trisoctahedrons {/#hl} (Tag-
gert et al., 1989), with many crystals exhibiting combinations of
forms (e.g. cubo-hexoctahedron; Fig. 7). Many cubic crystals dis-
play very minor hexoctahedral modifications, while others show
significant development of this form at the corners of the cube. In
other cases crystals with a rough cubic or hexoctahedral morphol-
ogy are covered with many small cubo-hexoctahedrons resulting
inrounded morphologies. Cubic crystals with frosted surfaces are
common, and in some instances fluorites with highly etched and
pitted surfaces are encountered. Color is also quite variable. The
district is famous for its vividly colored fluorite crystals. “Bing-
ham blue” (Plate 17) with its characteristic sensitivity to sunlight
is the most common and most widely recognized color found at
Bingham, however, crystals of teal, purple, green (of different
shades and intensities) and colorless are also commonly found.
Color zoning is also widespread. Zoning of color between con-
centric zones from the center of the crystal outward is most often
seen. Many of the concentric zones in the fluorite are very thin
(widths in microns) and abundant, reflecting continuous crystal
growth during small environmental changes in the hydrothermal
fluids from which they precipitated. Other concentric zones are
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FIGURE 7. (A) Photograph of a sectorally zoned cubo-hexoctahedron
from the Mex Tex Mine Hansonburg Mining District. The crystal mea-
sures 4mm across (B) Idealized schematic of the crystal in A.; colorless
under the cube {100} faces and purple under the hexoctahedral {hkl}
faces. (C) Plane light image of an oriented thin section parallel to (100)
through a crystal similar to the one in A. The hexoctahedral sector | hkl |
is purple and the cube sector | 100 | is colorless. (D) Plot of the con-
centration of Sr in ppm determined by synchrotron X-ray fluorescence
(SXRF) for the area shown in C. (E) Plot of the concentration of Y in
ppm determined by SXRF for the area shown in C. Modified from Bosze
et al. (in press). See color plate 17.

much thicker and may represent overgrowths of one temporally
distinct generation of fluorite on another. These usually have
green cores (first growth stage) and purple to blue exteriors (final
growth stage). It is often difficult to qualify fluorites as blue (b)
or purple (p) as concentric zones often alternate between two
colors (i.e., b-p-b-p). It is clear, however, that the blue and purple
fluorite is paragenetically later than the green fluorite (Bosze, in
press). The Mex-Tex and Royal Flush mines have also produced
wonderful examples of sectoral zoning of color. In these samples
symmetrically different crystal faces, and the zones beneath them
(sectors), exhibit different colors. For example cubo-hexoctahe-
dral crystals have been found with purple hexoctahedral faces,
and sectors, and colorless cube faces, and sectors (Fig. 7).

Several studies have looked at the relationship between color,
structure and trace element chemistry of fluorites from the dis-
trict (Bosze, 2001; Wright and Rakovan 2001; Bosze and Rako-
van, 2002; Wright, 2002;). The results show a complex interplay
of color causing mechanisms in these samples. One mechanism
that has been identified is electron transitions on simple F-cen-
ters. These are associated with the characteristic “Bingham blue”
color. A more complex color center that has been identified is a
REE associated fluorine vacancy. Color in the sectoraly zoned
crystals (Fig. 7) is the result of REE-associated fluorine vacan-
cies.

Trace element chemistry

North and Tuff (1986) analyzed a fluorite from the Royal Flush
Mine by X-ray florescence and found 32 ppm Mo, 134 ppm Y, 40
ppm Sr, 37 ppm Cu, 15 ppm Pb, and 102 ppm Ba. Using atomic
absorption and X-ray florescence Hill et al. (2000) analyzed sam-
ples from the Ora, Royal Flush and Mex-Tex mines found trace
elements at levels ranging from hundredths (Sc) to tens of ppm
(Na, Zn, Zr, RD, Sr, Ba, Pb and the REE).

Bosze and Rakovan (2002), using spatially resolved synchro-
tron X-ray fluorescence data, have shown that REE incorporation
into fluorites from the district can be strongly influenced by the
structure of the fluorite surface. They found that REE are dif-
ferentially incorporated among structurally different crystal faces
(e.g. Fig. 7) leading to sectoral zoning which in some cases was
evident by color zoning. Throughout the district evidence of at
least five symmetrically nonequivalent crystal growth forms were
found by Bosze and Rakovan (2002) including the cube{100},
dodecahedron{110}, octahedron{111}, hexoctahedra{/k/} and
the tetrahexahedra{#k0}. Each of these forms was found to have
a different affinity (effective fluid-solid partition coefficient) for
each of the REE measured.

Whole crystal REE concentrations, from 86 fluorite samples
collected throughout the entire deposit, were determined by
direct current plasma spectrometry, allowing for detailed study of
intra-deposit variability (Bosze et al., in press). Total REE con-
centrations are typical of hydrothermal fluorites and ranged from
7 to 37 ppm. Significant intra-deposit variations in fluorite REE
chemistry do exist. Based on these data and fluid inclusion Cl
isotopes (Partey et al., 2009) at least two stages of fluorite min-
eralization are recognizable. These chemically distrinct groups
correlate with the paragenetic sequence of fluorite which in turn
is correlated with color. Colorless and green fluorites formed first
while blue and purple fluorites are paragenetically younger. Dy/
La ratios are consistent with conclusions from other studies that
precipitation was from a single closed system fluid that has frac-
tionated over time (Norman et al., 1985). Alternatively, the two
chemically distinct fluorite groups may have formed from two,
temporally and compositionally separate fluids. This is consistent
with recent geochronological and stable isotope studies (Lueth et
al., 2005) that indicate the potential for at least two distinct min-
eralization events at in the Hansonburg mining district.



396

ACKNOWLEDGMENTS

We would like to thank Virgil Lueth for reviewing this manu-
script and for helping to organize the NMGS 60" annual Fall field
conference. We are also grateful for a review by Marc Wilson. JR
would like to thank Ray DeMark, Tom Massis and Alison Nelson
for their hospitality and for allowing me and my students access
to their claims for research. [ am also grateful to Ray DeMark and
especially Bob Eveleth for many interesting conversations about
the district and its colorful history.

REFERENCES

Allmendinger, R.J., 1974, Source of ore forming fluids at the Hansonburg mining
district,

Central New Mexico: Geological Society of America Abstracts with Programs,
v. 6, no. 7, p. 633.

Allmedinger, R. J., 1975, A model for ore-genesis in the Hansonburg mining dis-
trict, New Mexico [M.S. Thesis]: Socorro, New Mexico Institute of Mining
and Technology, 190 p.

Ames, L. L., Jr., 1958, Chemical analysis of fluid inclusions in a group of New
Mexico Minerals: Economic Geology, v. 53, p. 473-480.

Austin, C. F., Slawson, W. E., 1961, Isotopic analyses of single galena crystals; a
clue to history of deposition: American Mineralogist, v. 46, p. 1132-1140.

Beane, R. E., 1975, Barite-fluorite-galena mineral deposits in south central New
Mexico; A product of shallow intrusions, groundwater, and epi-continental
sediments: Geological society of America Abstracts with programs, v. 6, p.
646-647.

Bohlke, J.K., Trwin, J.J., 1992, Brine history indicated by argon, krypton, chlo-
rine, bromine, and iodine analysis of fluid inclusions from the Mississippi
Valley type lead-fluorite-barite deposits at Hansonburg, New Mexico: Earth
Planet. Sci. Lett.,v. 110, p. 51-66.

Bosze, S., Rakovan, J., and Lueth, V.W.,, in press, Intra-deposit Rare Earth Ele-
ment Chemistry and Paragenesis of Fluorite from the Hansonburg Mining
District, Bingham, New Mexico: Economic Geology.

Bosze, S. and Rakovan, J., 2002, Surface structure controlled sectoral zoning of
the Rare Earth Elements in fluorite from Long Lake, N.Y. and Bingham,
N.M:Geochim. Cosmochim. Acta, v. 66, p. 997-1009.

Bosze, S., 2001, Surface structurally controlled sectoral zoning in fluorite: Impli-
cations to understanding heterogeneous reactivity at the mineral-water inter-
face [M.S. Thesis]: Oxford, Miami University, 150 p.

Cape, C. D., McGeary, S., and Thompson G, .A., 1983, Cenozoic normal faulting
and the shallow structure of the Rio Grande rift near Socorro, New Mexico:
Geol. Soc. Amer. Bull. v. 94, p. 3-14.

Chapin, C. E., 1979, Evolution of the Rio Grande Rift; a summary in Rio Grande
Rift; tectonics and magmatism: American Geophysical Union, p. 1-5.

Cook, K. H., 1986, Conodont color alteration: a possible exploration tool for ore
deposits [M.S. Thesis]: Socorro, New Mexico Institute of Mining and Tech-
nology, 125 p.

Demark, R. S., and Massis, T.M., 1999, The Mex-Tex Mine, Bingham, New
Mexico: Mineralogical Record, v. 30, p. 335-344.

Demark, R. S., 2003, Fluorite from the Blanchard Mine Group, Hansonburg
Mining District, Socorro County, New Mexico: Rocks & Minerals, v. 78,
p. 380-389.

Eveleth, R.W. and Lueth, V.W., 2009, Old Hansonburg, one of New Mexico’x
forgotten mining camps: New Mexico Geological Society, 60th Field Con-
ference Guidebook, p. 399-406.

Ewing, T. E., 1979, Lead isotope data from mineral-deposits of Southern New-
Mexico - Reinterpretation: Economic Geology, v. 74, p. 678-684.

Filsinger, B., 1988, Geology and Genesis of Palm Park and Horseshoe Barite
deposits, Southern Caballo Mountains, Dona Ana County, New Mexico
[M.S. thesis]: El Paso, University of Texas, 250 p.

Hill, G. T., 1994, Geochemistry of Southwestern New Mexico fluorite depos-
its with possible base and precious metals exploration significance [M.S.
thesis]: Socorro, New Mexico Institute of Mining and Technology, 44 p.

RAKOVAN & PARTEY

Hill, G. T., Campbell, A. R., and Kyle, P. R., 2000, Geochemistry of southwestern
New Mexico fluorite occurrences implications for precious metals explora-
tion in fluorite-bearing systems: Journal of Geochemical Exploration, v. 68,
p. 1-20.

Jenkins, D. A., 1977, Geologic evaluation of the EPM mining claims, East Potri-
llo Mountains, Dona Ana County, New Mexico [M.S. thesis]: Socorro, New
Mexico Institute of Mining and Technology, 109 p.

Kottlowski, F. E., 1953, Geology and ore deposits of the Hansonburg Mining
District, Socorro County, New Mexico: New Mexico Bureau of Mines and
Mineral Resources, Circ. 23, 9p.

Kottlowski, F. E., and Steensma R. S., 1979, Barite-fluorite-lead mines of Han-
sonburg mining district in central New Mexico: New Mexico Geology, v.1,
p.17-21.

Lasky, S. G., 1932, The ore deposits of Socorro County, New Mexico: New
Mexico Bureau of Geology & Mineral Resources Bulletin, p 139.

Lueth, V.W., 2009, A summary of age dating in the Hansonburg district, Socorro
County, New Mexico: 60™ Field Conference Guidebook, p. 28-29.

Lueth, V. W., Rye, R. O., and Peters, L., 2005, “Sour gas” hydrothermal jarosite:
ancient to modem acid-sulfate mineralization in the southern Rio Grande
Rift: Chemical Geology, v. 215, p. 339-360.

Lueth, V. W, Rye, R.O., and Peters, L., 1999, The application of jarosite geochro-
nology and stable isotope geochemistry to ore deposit genesis and weather-
ing- some examples from the Rio Grande Rift: New Mexico Geology, v. 21,
p. 32-33.

Macer, R. J., 1978, Fluid inclusion studies of fluorite around the Organ cauldron.
Dona Ana County, New Mexico [M.S. thesis]: El Paso, University of Texas,
107 p.

McLemore, V. T., Giordano, T. H., Lueth, V. W., and James, C. W. J., 1998, Origin
of barite-fluorite-galena deposit in the Rio Grande Rift, New Mexico: N. M.
Geological Society, 49" Field Conference Guidebook, p. 251-263.

McLemore, V. T., and Lueth, V. W., 1996, Lead Zinc deposits in carbonate rocks
in New Mexico: Society of Economic Geologists, Special Publication 4, p.
264-276.

McMahon, T. P., 1989, Structural and stratigraphic controls of deposition and
microstigraphy of fluorite barite deposits in the southern Rio Grande rift,
New Mexico [M.S. thesis: Las Cruces, New Mexico State University. 77 p.

McMillan, N. J., 1998, Temporal and spatial magmatic evolution of the Rio
Grande Rift: N. M. Geological Society, 49" Field Conference Guidebook,
p. 107-116.

McMillan, N. J., Dickin, A. P., and Haag, D., 2000, Evolution of magma source
regions in the Rio Grande Rift: southern New Mexico Geological Society of
America Bulletin v. 112, no. 10. p. 1582-1593.

Mitchell, P.S., and Jiracek, G.R., 1983, Magnetotelluric soundings along the
COCORP seismic profile in the central Rio Grande rift,New Mexico Geo-
logical Society, 34" Field Conference Guidebook., p. 133-136.

Norman, D. I, Ting, W., Putnam, B. R., and Smith, R. W., 1985, Mineralization
of the Hansonburg Mississippi-Valley-Type deposit, New Mexico- Insight
from composition of gases in fluid inclusions: Canadian Mineralogist, v. 23,
p. 353-368.

North, R. M., and McLemore, V. T., 1985, Geology and mineralization of the El
Cuervo Butte barite-fluorite-galena deposit in Southern Santa Fe County,
New Mexico: N. M. Geological Society, 36" Field Conference Guidebook,
p. 301-305.

North, R. M., and Tuff, A. M., 1986, Fluid inclusion and trace element analysis of
some barite-fluorite deposits in south central New Mexico: N. M. Geological
Society, 37" Field Conference Guidebook, p. 301-306.

Partey, K. F., Lev, S., Casey, R., Widom, E., Lueth, V., Rakovan, J., 2009, Source
of fluorine and petrogenesis of the Rio Grande Rift type barite-fluorite-
galena deposits: Economic Geology v. 104, p. 505-520.

Putnam, B. R, III, Norman, D. I., and Smith, R. W., 1983, Mississippi valley-type
lead-fluorite-barite deposits of the Hansonburg Mining District: N. M. Geo-
logical Society, 34" Field Conference Guidebook, p. 253-259.

Putnam, B. R., III, 1980, Fluid inclusion and microchemical analysis of the Han-
sonburg Mississippi Valley Type ore deposits in central New Mexico [M.S.
thesis]: Socorro, New Mexico Institute of Mining and Technology, 120 p.

Reiter, M., Edward, C. L., Hartman, H. & Weidman, C., 1975, Terrestrial heat
flow along theRio Grande rift, New Mexico and southern Colorado: Geol.
Soc. Amer. Bull. v. 6, p. 811 -818.

Roedder, E., Heyl, A. V., and Creel, J. P., 1968, Environment of ore deposition at
the Mex-Tex deposits, Hansonburg District, New Mexico, from studies of



MINERALIZATION OF THE HANSONBURG DISTRICT 397

fluid inclusions: Economic Geology, v. 63, p. 336-348.

Rothrock, H. E., Johnson, H. C., Hahn, D. A., 1978, Fluorspar resources of New
Mexico: New Mexico Bureau of Mines and Mineral Resources. 171 p.
Sarkar, G.P., 1985, Late Cenozoic epithermal tungsten-bearing romanechite veins
at the Blackie mine area and selected localities in central and southwestern
New Mexico [Ph.D. dissertation]: Albuquerque, University of New Mexico.

194 p.

Slawson, W. F., and Austin, C.F., 1960, Anomalous leads from selected geological
environment in the west-central New Mexico: Nature, v. 187, p. 400-401.

Sharp, W. 1988. The American Institute of Mining, Metallurgical, and Petroleum
Engineers (AIME) Spring 88" Field Trip Guide: Hansonburg Mining Dis-
trict, Socorro County, New Mexico.

Sutphin, D. M., 1987, Mineral deposit models; in Bartsch-Winkler, S. eds., Geol-
ogy and Energy Resources, Mimbres Resources Area, New Mexico: U.S
Geological Survey, Open-file report OF-97-521, 718 p.

Van Alstine, R. E., 1976, Continental rifts and lineaments associated with major
fluorspar districts: Economic Geology and the Bulletin of the Society of
Economic Geologists, v. 71, p. 977-987.

Taggart, J. E., Jr., Rosenzweig, A., and Foord, E. E., 1989, The Hansonburg Dis-
trict Bingham, New Mexico: Mineralogical Record, v. 20, p. 31-46.

Thompson, M. L., 1942, Pennsylvanian system in New Mexico: New Mexico
Bureau of Mines and Mineral Resources, Bulletin 17, 92p.

Wilpolt, R. H., and Wanek, A. A., 1951, Geology of the region from Socorro and
San Antonio east of Chupadera Mesa, Socorro County: New Mexico Oil and
Gas Investigations Map 1-121, Scale 1: 62500.

Witcher, J. C., 1988, Geothermal resources of southwestern New Mexico and
southeastern Arizona: N. M. Geological Society, 39" Field Conference
Guidebook, p. 251-263.

Worl, R. G., 1974, Geology of fluorspar deposits of the western United States, in a
synposium on the geology of fluospar: Kentucky Geological Survey, special
publication, v. 22, p. 31-54.

Wright, C. (2002) Spectroscopic characterization of fluorite: Relationships
between traceelement zoning, defects and color [M.S. Thesis]: Oxford,
Miami University, 182 p.

Wright, C. L., Rakovan, J., 2001, Color, its cause, and relation to REE chemistry
andparagenesis of fluorites from the Hansonburg Mining, NM (abs.): Gold-
schmidt Conference Abstracts with Program, v. 11, #3887.



